Brucella suis (B. suis) is the major cause of porcine brucellosis. Zoonosis due to B. suis infection associated with transmission by various animal species is reported. Recently an increase in brucellosis associated with feral swine transmitted B. suis infection in humans and hunting dogs is emerging. Reports on B. suis infection in carnivores including dogs is scant. This report gives a brief review of B. suis zoonosis with particular reference to B. suis infection in dogs (carnivores).
Introduction
Brucellosis is an infectious disease caused by bacteria belonging to genus Brucella, gram negative coccobacilli that infect various animal species and humans. Canine brucellosis is a worldwide disease of dogs mainly caused by Brucella canis (B. canis). B. canis is an important cause of reproductive failure, resulting in abortions in pregnant females, epididymitis and infertility in males. The disease is detrimental to the reproductive career of a breeding animal. B. canis is zoonotic, although the disease appears to be rare in humans. Other Brucella species occasionally associated with brucellosis in dogs include Brucella abortus, B. melitensis and B. suis. These infections occur occasionally when dogs ingest placentas from infected animals [1] . Among these, Brucella suis, which is the common cause of brucellosis in swine, poses a threat to human health as a zoonotic disease in most cases through exposure to infected swine or handling and consumption of infected pork. Published information on B. suis infection in dogs is scarce. Recent reports indicate its emerging occurrences in hunting dogs causing health hazards to humans in contact with infected dogs. This review article presents a brief account of B. suis zoonosis in general and canine associated infection in particular.
Brucellosis: General
Brucellosis is a chronic zoonotic disease resulting in undulant (undulating) fever in humans and abortion and infertility in animals [2] . It is one of the most important infectious causes of reproductive disorders in various species of animals. The disease is known under different names: contagious abortion, infectious abortion, and epizootic abortion. In horses, it is known as fistulous withers and poll evil. In cattle, the disease is called Bang's disease in recognition of a Danish veterinarian pioneer in the study of the disease in bovines. The disease in humans is called Melitococcosis, Malta fever, Mediterranean fever or Gibraltar fever following the name of the regions where it was first described. It is also known as undulating fever due to oscillating temperature presented by infected patients [3, 4] .
Brucellosis is caused by bacteria of the genus Brucella, small, gram-negative bacilli or coccobacilli that prefer intracellular habitat. In animals, the organisms produce chronic infections with persistent or recurrent bacteremia manifested typically by abortion. Three classic species of Brucella were described originally based largely on the host of origin as B. melitensis B. abortus, and B. suis, in goats, cattle and swine, respectively. Currently, the species are defined based on their biochemical and serological reactions [5] . To this date, nine Brucella species are recognized. Seven of these including B. abortus (cattle), B. melitensis (sheep and goats), B. suis (pigs), B. ovis (sheep), B. canis (dogs), B. neotomae (wood rat), and B. microti (common vole, Microtusarvalis) affect terrestrial animals [6, 7] while two others, B. ceti (dolphins) and B. pinnipedialis (seals) affect marine mammals [8] . The differences between the species are slight and quantitative rather than qualitative, and the number of biotypes within each species is large. This has led to the recommendation that all should be considered a single species, B. melitensis, and that the present species and variants with fixed properties be regarded as biotypes of the one species. However, most of the previous description and identification are still in use. Accordingly, the disease in cattle is caused by strains of B. abortus, the disease in sheep and goats by B. melitensis, and B. suis is found chiefly in swine. Cross infections do occur and almost all domestic species are susceptible [5] . For example B. abortus causes abortions, stillbirths, epididymitis, orchitis and sperm abnormalities in dogs [1] .
Brucella organisms cause a zoonosis transmitted from their animal hosts to humans by direct contact with infected animals or, more often, through the consumption of raw animal products such as unpasteurized milk or cheese. Five of the known nine species of the genus Brucella are pathogenic for humans. This includes B. melitensis, B. abortus, B. suis, and B. canis transmitted to humans from sheep and goats, cattle and other bovidae, pigs and from dogs, respectively [9] and B. ceti from marine mammals [10] .
Brucella suis (B. suis)
Brucella suis mainly infects pigs and is the main cause of porcine brucellosis [4, 11] . It is an economically important cause of insurmountable reproductive loses in swine industry throughout the world [11] . It affects also other animals and humans leading to abortions and infertility in infected animals [2] . Swine brucellosis is infrequent and occurs sporadically in Europe, Asia, and Oceania [4] . The disease has never been reported from Finland, Norway, Great Britain, and Canada. Many predominantly Muslim countries and Israel are regarded free of B. suis infection due to religious beliefs that limited swine production [4] . Generally, although the disease is of widespread in occurrence globally, the prevalence is low with the exception of South America and South-East Asia, where the prevalence is higher [12] . In Latin America, swine brucellosis is enzootic and the region is thought to have the highest prevalence in the world. However, recent surveys of breeding operations in Argentina and Brazil have shown the percentage of infected herds to be low. The infection is possibly rooted in commercial farms where animals from different origins are brought together [4] .
Brucella suis consists of five biovars, but the infection in pigs is caused by B. suis biovars 1, 2 and 3. The disease caused by biovars 1 and 3 is similar, while that caused by biovar 2 (Danish biovar) differs from 1 and 3 in its host range, its limited geographical distribution and its pathology. Different biovars play an important role in swine infection in different areas. In Latin America, infection with only biovar 1, which predominates worldwide, has been confirmed, while both biovars 1 and 3 have been reported from the United States. Biovar 2 is found only in Europe and is limited to pigs and hares in central and Western Europe while biovar 3 is limited to the corn belt of the United States and to some areas of Asia and Africa. Infection with biovars 1 and 3 is spread directly or indirectly from pig to pig. In contrast, biovar 2 is transmitted to pigs when they feed on European hares (Lepus europaeus) [4] . In many European countries, the disease shows an epidemiological relationship to brucellosis caused by B. suis biovar 2 in hares. Through improved swine-breeding technology, swine have little access to hares and outbreaks have thus shown a marked decline [4] . In China, B. suis biovar 3 was introduced with breeding stock from Hong Kong in 1954 and spread rapidly through the southern part of the country [4] . Available literature and comparative studies indicate that the pathogenesis of B. suis biovars 1, 2 and 3 is very similar. Differences are generally related to factors such as methods of exposure, infecting dose, age and breed of pigs and possibly minor differences between strains of the same biovar [13] .
In many parts of the world, B. suis infection has become established in wild or feral pigs [11, 12] complicating eradication efforts in domestic pigs [11] . Generally, serology in Italy, USA and Croatia has shown that approximately 20% -30% of feral swine is Brucella positive. The high level of exposure suggests that there is an active transmission that may pose a serious threat to nearby domestic swine and hunters [2] . In USA, 18% of feral pigs in South Carolina were serologically positive for B. suis. The serological results were further confirmed by isolation of B. suis biotype 1 from the lymph node of an affected feral pig. A trend of increasing incidence with age is noted suggesting that the pathogen is circulating among the population [14] . In Croatia [15] B. suis biovar 2 was isolated from 58% of swine and 62.5% of aborted piglets. It was further demonstrated that approximately 23% of wild boars examined were seropositive for Brucella sp. Wild boars therefore are considered as wildlife reservoirs of B. suis biovar 2 in Croatia. Approximately 10% of young adults and 28% of adult wild boars in open estates in southern Spain [16] , 22% of wild boar in Germany [17] and 7.5% of 115 wild boars examined from four prefectures in Japan [18] were reported as seropositive for brucellosis. In wild boars of fenced estates in Spain, the incidence of seropositivity was approximately 32 and 38% in young adults and adults, respectively [16] . Incidence of B. suis in wild boar popula-tions has attained a very high level in southern Spain and pose a serious threat both to local domestic pigs, hunters and animal-care professionals [16] .
Brucella suis Infection in Non-Porcine Species

Brucella suis Infection in Various Domestic and Wild Animals
Apart from its natural hosts, pigs, B. suis infection due to various biovars is reported in several non-natural host animal species. It is reported in cattle [12, 19, 20] , dogs [12, [21] [22] [23] , horses [24] sheep [25] , reindeer, caribou, hares and various murine species [11, 12, 26] and humans [27] . Infections are transmitted through ingestion of contaminated materials or by co-habitation with infected animals. For example, Arctic foxes and wolves may contract B. suis biovar 4 [28] , which causes serious disease in reindeer or caribou (Rangifer tarandus and its various subspecies), from infected reindeer throughout the Arctic region including Siberia, Canada and Alaska [29, 30] . Some of the infected species of Rangifer tarandus are domesticated, others are wild and migratory [12] . The transmission and maintenance of rangiferine brucellosis due to B. suis are assumed to be similar to bovine brucellosis caused by Brucella abortus. It is thought that large numbers of Brucellae are disseminated into the environment at parturition, during which orally exposed animals become infected [31] . Group fawning over a short period of time under cool climatic conditions is optimal for transmission. Animals cohabiting range or utilizing reindeer or caribou as sources of food can be infected. Natural or experimental infection associated with rangiferine brucellosis has been described in wolves, bears, foxes, humans, a muskox, and various species of rodents [32] [33] [34] [35] [36] [37] . The human cases reported were all from clinically ill native people utilizing caribou as part of their diet [38] . Strains of Brucella enzootic in various wild reservoir species (principally ruminants) are regularly transmitted to their predators [33] . Others animals including dogs, and rodents, such as rats and mice, may acquire other B. suis biovars by cohabitation with infected hosts. Cattle and horses may become infected by cohabitation or interaction with infected swine [28] . The infecting bacteria are invariably the well-defined biovars of the natural host species [11] . Wildlife species may be infected by B. suis or B. suis-like Brucella species [12] . Some variants of B. suis mainly affect caribou, reindeer or rodents, and are not important in pigs. Biovar 2, found only in Europe, is maintained in hares [11] . Murine brucellosis of the former Union of Soviet Socialist Republics (USSR), involves small rodents infected with B. suis biovar 5. Other similar situations have been reported from Queensland, Australia and from Kenya, in cases of which B. suis strains with different characteristics were involved, and at least one of them was difficult to classify [12] .
Brucella suis Infection in Dogs and Other Carnivores
The The organism, however, could not be isolated from blood and urine of this dog [21] . One other previous report indicated isolation of B. suis identified to be similar to Brucella suis biotype 5 from a bitch [22] . B. suis biovar 5 causes also murine brucellosis [13] . Recently, an increase in B. suis detection in dogs in southern Georgia, USA, is reported. Nine out of 674 canine serum samples examined between June 2010 to July 2011 were positive for B. suis infection. Examination of case histories showed that all seropositive dogs had been recently exposed to feral swine during hunting expeditions, which led to a presumptive diagnosis of B. suis infection in the exposed dogs. All dogs were subsequently euthanized and testicles from two dogs (a hunting dog and a pet dog owned by a hog hunter) were subjected to Brucella culture. Culture of testicles from both animals showed a growth of Brucella sp., which was identified as B. suis by conventional biochemical testing and sequencing of the 16S rRNA gene [39] . Biovar identification was not done. Infection of predators (carnivores) by enzootic strains of Brucella present in prey species is common to many areas of the world. Antibodies against B. suis type 4, are reported in the serum of various domestic and wild Alaskan carnivores which feed on caribou (Rangifertarandusgranti), in Arctic Alaska. Sled dogs from five native villages on the range of the Arctic caribou herd are commonly infected. Although it is less common, the infection is reported in wolves (Canis lupus) and red fox (Vulpes fulva) [33] indicating that B. suis infection involves carnivores other than dogs exposed to infected wild animals.
Clinical Signs and Lesions Associated with
B. suis Infection
Clinical Signs and Lesions in Swine
The principal symptom of brucellosis in all animal species is abortion or premature expulsion of the fetus [4] . B. suis is the only recognized Brucella species that causes systemic or generalized infection leading to reproductive failure in pigs. Clinical manifestation of B. suis infection considerably varies in different herds [13] depending on the age of infected animal, previous exposure, and the organ involved [40] . The classical clinical manifestations are abortion, birth of weak piglets, infertility, orchitis, epididymitis, spondylitis (particularly of the lumbar and sacral regions), arthritis, paralysis of hind limbs, and lameness. Abortion may occur at any time during gestation and is influenced more by the time of exposure than by the time of gestation [13] . The rate of abortion is highest in sows or gilts infected via genital tract during mating [41] . Many infected herds may exhibit no clinical signs recognizable by the owners or the clinical signs may be transient. There is no pyrexia, and death is reported to be a rare occurrence [13] . The lesions in most cases are variably sized abscesses that frequently encompass different organs and tissues [4] . The disease in pigs caused by biovar 2, which appear to be non-pathogenic to humans, differs slightly from that caused by biovars 1 and 3 in that military brucellosis of the uterus is its feature [13] . Brucella suis biovar 4, causes similar lesions and clinical manifestations in reindeer and caribou (Rangifer tarandus sub spp.) as is caused by other Brucella species in pigs. It may cause fever, depression, abortion, retained placenta, metritis occasionally with blood-stained discharge, mastitis, bursitis, stillbirth, weak calves, orchitis, epididymitis, enlarged joints, lameness, and abscesses or granulomas in various locations including subcutaneous tissue, reproductive organs, and mammary gland [12, 31] . Renal involvement has been described [42, 43] . The frequency and duration of lesions and clinical signs under natural conditions are unknown [38] . Swine infected by other Brucella species is invariably asymptomatic and the infection remains as self-limiting localized infection of lymph nodes [13] .
Clinical Signs and Lesions in Dogs (Carnivores)
No clinical signs are described as pathognomonic for canine brucellosis due to B. canis, although it is suspected as a cause of reproductive failure and infertility [44] . However, Brucellosis is an important rule-out for diskospondylitis in dogs [21] . Testicular degeneration and epididymitis are the common lesions of the disease in male dogs [5] . A granulomatous fibrosing epididymitis and prostatitis is reported in a dog infected with B. suis biotype 1. The dog had a history of epididymitis that extended over 12 weeks. B. suis organisms were isolated from semen at 4 weeks, 8 weeks and 12 weeks after referral. Generally, dogs enter recovery phase by 4 to 6 weeks after infection, but the organisms persist in the lymphatic system. Dogs infected experimentally have a brief bacteremia, with primary localization of the organisms in the genital tract [21] . In experimentally infected Beagle with B. suis type 4 exposed through contaminated food or intra-peritoneal inoculation, Brucella organisms are distributed throughout the lymphatic system. The organisms may be present in kidneys and salivary glands and hence possibly in urine and saliva although not with sufficient regularity or intensity to commonly act as a source of infections. However, clinical signs of brucellosis were not observed in these dogs. Experimental infection of other canids (wolves) by B. suis type 4 present much the same general picture as seen in beagle dogs. Natural infection with Brucella suis type 4 in wolves on Alaskan and Siberian reindeer ranges is a significant cause of reproductive failure in wolves [32] .
Zoonotic Brucellosis (General)
About five of the nine known Brucella species can infect humans [45] . Although there has been great progress in controlling the disease in many countries, there still remain regions where the infection persists in domestic animals and, consequently, transmission to human population frequently occurs [46] . Brucellosis, especially caused by Brucella melitensis, remains one of the most common zoonotic diseases worldwide with more than 500,000 human cases reported annually [45] . Recently, brucellosis has emerged as an important disease among Turkish immigrants in Germany [47] . The severity of human disease varies depending largely upon the infecting strain. The most pathogenic and invasive species with severe disease in humans is B. melitensis, followed in descending order by B. suis, B. abortus and B. canis [4, 48] . Humans are relatively resistant to infection with Brucella canis and the disease is relatively mild compared with infection with other Brucella species [48] . The recently recognized Brucella species associated with marine animals may also have the capacity to cause human disease [46] .
The prevalence of the infection in animal reservoirs provides a key to the occurrence of brucellosis in humans [4] . Of the three major host-specific species of Brucella (B. melitensis in goats, B. abortus, in cattle and B. suis, in swine), B. suis is considered the second most pathogenic species only slightly less virulent than B. melitensis to humans [2] . B. abortus and B. suis infections usually affect occupational groups, while B. melitensis infections occur more frequently than the other types in the general population. The greatest prevalence in man is found in countries with a high incidence of B. melitensis among goats, sheep, or both species [4] .
B. melitensis, B. suis and B. abortus are listed as potential bio-weapons by the Centers for Disease Control and Prevention in the USA. This is due to the highly infectious nature of all three species, as they can be readily aerosolized and weaponized [11, 49] . Moreover, an outbreak of brucellosis would be difficult to detect because the initial symptoms are easily confused with those of influenza [49] .
Person-to-person transmission is not a significant problem except through blood or organ transfer which should be subject to proper control. Airborne or contact infection through environmental contamination may be a significant problem when infected animals are moved through densely populated areas, as is on the way to markets [46] . Most cases are the result of occupational exposure to infected animals [11] . This is particularly the case in industrialized countries and in those others in which food hygiene prevents foodborne brucellosis [46] . Some specific occupational groups including farm workers, veterinarians, ranchers, and meat-packing employees are considered at higher risk [50] .
Brucellosis can be insidious and may present in many atypical forms. In many patients the symptoms are mild and, therefore, the diagnosis may not be even considered [46] . Furthermore, human brucellosis is known for complications and involvement of internal organs and its symptoms can be very diverse depending on the site of infection and may include encephalitis, meningitis, spondylitis, arthritis, endocarditis, orchitis, and prostatitis [4] . Common symptoms are undulant fever, malaise, insomnia, anorexia, headache, arthralgia, constipation, sexual impotence, nervousness and depression [3, 4] .
Zoonosis Due to B. suis
Although transmission of B. suis from dogs to humans has not been reported, B. suis, as previously indicated, is second only to B. melitensis in its pathogenicity to humans [45] . B. suis has a much more restricted occurrence than B. melitensis and B. abortus. However, it is an important cause of human infection which can be as severe as that produced by B. melitensis [46] . The minimal infective dose of B. suis for humans is in the range of 10 -100 colony forming units, and there are many cases of human infection owing to handling of infected feral and wild boars [16] . The sources and virulence of the organism vary with its biovar [46] . Biovar 2 which causes miliary brucellosis of the uterus in pigs [13] appears to be rarely pathogenic for humans [12, 13] whereas biovars 1 and 3 are highly pathogenic to humans and cause severe disease [12, 46] . B. suis biovar 4, a cause of Rangiferine brucellosis which apparently is not pathogenic for pigs [13] constitutes a serious zoonosis in Siberia, Alaska and Canada [12, 13, 46, 51] . Naturally acquired human cases of biovar 5 infection have not been reported [46] .
Brucellosis is almost invariably transmitted to people by direct or indirect contact with infected animals or their products [46] . For example among cases of human brucellosis in Germany, 59% were related to the consumption of unpasteurized cheese from brucellosis-endemic countries and about 7% of the infections with a known source were laboratory acquired [47] . Transmission of the disease to humans in Arctic may be by direct contact or through consumption of milk and other inadequately cooked products from reindeer [12] . Most cases are due to B. suis 4 infection in native people as a result of their taste for raw caribou or bare-handed butchering and handling of freshly killed infected animals [32] . Bone marrow, which is considered to be a special delicacy in this region, is also among a source of human infection [12, 32] . However, it appears that B. suis 4 could be transmitted from infected dogs to humans under favorable circumstances via contamination by urine and saliva. Programs to prevent this disease in rural people who subsist on caribou or reindeer must take into account the remote possibility of infection via Brucella infected dogs [32] .
Currently, swine-associated brucellosis in humans in the United States is predominantly associated with exposure to infected feral swine (wild hogs). Serologic surveys have detected endemic feral swine infection with B. suis in 10 states (Arkansas, California, Florida, Georgia, Hawaii, Louisiana, Mississippi, Missouri, South Carolina, and Texas). Two cases of brucellosis were reported in members of a hunt club who had killed and prepared meat from wild boars in South Carolina, USA [52] . In 2008, the state health departments in South Carolina and Pennsylvania reported two other cases of brucellosis apparently linked to feral swine hunts in Florida [53] . Of the 10 reported cases of brucellosis in 2008, seven were associated with wild pig hunting or preparation of wild pig meat. Feral hog data collected by United States Department of Agriculture (USDA) indicate seroprevalences as high as 50% in some feral swine herds in central Florida, and estimated the statewide prevalence to be 10% -20%. The most common species of Brucella isolated from Florida human patients is B. suis, which is endemic in Florida feral hogs [54] . A recent increase of B. suis infection in dogs in southern Georgia, USA, contracted from feral hogs cautions the public about the potential for transmission to humans in contact with infected hunting dogs and wild hogs [39] .
Although B. canis is common in dogs, humans are relatively resistant to infection with Brucella canis and the disease is relatively mild compared with infection with other Brucella species [48] . The zoonotic risk of Brucella canis has been considered fairly high mainly for persons who handle breeding dogs in kennels or are exposed to infected animals. Transmission to humans in other circumstances has been thought to be rare. An uncommon outbreak of brucellosis caused by B. canis involving six people in a family (three children and three adults), a bitch and three puppies which had close daily contact with the family is reported [44] .
Diagnosis and Control
Clinical examinations and clinical findings are inadequate for diagnosis of brucellosis. Isolation of the organism and serological tests are the only reliable ways to confirm a presumptive diagnosis [44] . In fact, isolation of the causative organism from fluids or tissues of suspected hosts is indisputable for definitive diagnosis of brucellosis [55] . Although bacteriological examination is often of great assistance in aiding a diagnosis, B. suis in the laboratory is extremely hazardous unless appropriate precautions are taken [13] . All in all, the genus Brucella belongs to Hazard Group II, and should be handled in a class I/III safety cabinet within Containment Level III accommodation by staff with adequate training and experience [13] . Apart from being hazardous, bacteriological isolation has some major drawbacks in that it is very time consuming, expensive, and not amenable to mass testing. Therefore, diagnosis is made by serological testing, usually of blood [55] . However, correct serological diagnosis may be confused unless vaccination is strictly controlled, used at the correct age with vaccine of sufficient quality and vaccinated animals are correctly identified [46] .
B. abortus, B. melitensis, and B. suis infection in dogs can be diagnosed using the procedures described for cattle, except for ELISA, which has not been widely assessed in dogs. For B. canis infection the most reliable procedure is isolation of the organisms [46] .
The currently emerging zoonotic potential of the disease due to canine associated brucellosis due to B. suis [40, 52] , and B. canis [44] and other Brucella species [47] warrants an increased public awareness for the control of the disease. Human brucellosis presents a great variety of clinical manifestations making it difficult to diagnose clinically. In some endemic areas case presenting with fever of unknown origin should be assumed to be due to brucellosis and the diagnosis must be ruled out or confirmed by laboratory tests [45] . Awareness of medical personnel for screening tests in susceptible patients such as children, immune-deficient individuals or pregnant women with fever of unknown origin, unexplained enlargement of spleen or liver or other systemic signs is necessary for proper treatment and diagnosis of brucellosis in humans [44] . Either failure to diagnose or delay in diagnosis is known to be among drawbacks in the diagnosis and treatment of brucellosis. Brucellosis among Turkish immigrants in Germany is reported to be associated with major diagnostic delays, possibly resulting in treatment failures, relapses, chronic courses, complications, and a high case-fatality rate. Because of a lack of knowledge on the changing epidemiology of the disease, many physicians may not be able to act efficiently as first responders recognizing outbreaks [47] .
There is general agreement that the most successful method for prevention and control of brucellosis in animals is through vaccination. While the ideal vaccine does not exist, in animals the attenuated strains of B. melitensis strain Rev.1 for sheep and goats and B. abortus strain 19 have proven to be superior to all others. The non-agglutinogenic B. abortus strain RB51 has been used in the USA and some Latin American countries, with encouraging results. Safe and effective vaccines for the prevention of human brucellosis are not generally available [45, 46] . However, vaccination has played a significant role in the prevention of the disease in conjunction with other measures in the former USSR and China. Two live attenuated vaccine strains have been employed extensively in heavily infected areas [46] .
Since brucellosis is zoonosis with a strong correlation between animal and human diseases, the ultimate source of human brucellosis is direct or indirect exposure to infected animals or their products. Therefore, prevention must be based on elimination of such contact. Eradication of the disease from animals is often beyond the financial and human resources of many developing countries necessitating supportive actions from various sectors, including those responsible for animal production, food safety, consumer education and health care [46] . Public health education and awareness and a setup of disease surveillance program especially in enzootic areas is needed to institute and coordinate brucellosis prevention program to alleviate and thereby avoid animal and human disease. The US and Cuba have successful national brucellosis eradication programs [4] .
Conclusion
Brucellosis is currently regarded as a re-emerging zoonosis. Brucella suis is among the major cause of severe disease in human brucellosis and is considered to be the second most pathogenic species after B. melitensis. The major source of infection remains to be infected domestic or feral pigs. Due to the control programs in domestic swine production, the infection in feral swine and hunting dogs is emerging as an important source of B. suis infection to humans warranting an increased awareness by the general public, and veterinary as well as medical professionals. The authorities and health professionals involved in disease control programs should encompass
